Antimicrobial  Agents  and  Chemotherapy,  Dec.  2007,  p.  4351-4355 
0066-4804/07/$08.00 +0  doi:  10. 1 128/AAC.0025 1-07 

Copyright  ©  2007,  American  Society  for  Microbiology.  All  Rights  Reserved. 


Vol.  51,  No.  12 


Pharmacokinetics-Pharmacodynamics  of  Gatifloxacin  in  a  Lethal 
Murine  Bacillus  anthracis  Inhalation  Infection  Modelv 

Paul  G.  Ambrose,1,2*  Alan  Forrest,1,2  William  A.  Craig,3  Chistopher  M.  Rubino,1,2 
Sujata  M.  Bhavnani,1'2  George  L.  Drusano,4  and  Henry  S.  Heine5 

Institute  for  Clinical  Phannacodynamics,  Ordway  Research  Institute,  Albany,  New  York1;  School  ofPhannacy  and  Pharmaceutical  Sciences, 
University  at  Buffalo,  Buffalo,  New  York2;  William  S.  Middleton  Memorial  VA  Medical  Center,  Madison,  Wisconsin3; 

Emerging  Infections  and  Fungal  Pharmacodynamics  Laboratory,  Ordway  Research  Institute,  Albany,  New  York4;  and 
U.S.  Army  Medical  Research  Institute  of  Infectious  Diseases,  Fort  Detrick,  Maryland5 

Received  19  February  2007/Returned  for  modification  13  May  2007/Accepted  2  September  2007 

We  determined  the  pharmacokinetic-pharmacodynamic  (PK-PD)  measure  most  predictive  of  gatifloxacin 
efficacy  and  the  magnitude  of  this  measure  necessary  for  survival  in  a  murine  Bacillus  anthracis  inhalation 
infection  model.  We  then  used  population  pharmacokinetic  models  for  gatifloxacin  and  simulation  to  identify 
dosing  regimens  with  high  probabilities  of  attaining  exposures  likely  to  be  efficacious  in  adults  and  children. 

In  this  work,  6-  to  8-week-old  nonneutropenic  female  BALB/c  mice  received  aerosol  challenges  of  50  to  75  50% 
lethal  doses  of  B.  anthracis  (Ames  strain,  for  which  the  gatifloxacin  MIC  is  0.125  mg/liter).  Gatifloxacin  was 
administered  at  6-  or  8-h  intervals  beginning  24  h  postchallenge  for  21  days,  and  dosing  was  designed  to 
produce  profiles  mimicking  fractionated  concentration-time  profiles  for  humans.  Mice  were  evaluated  daily  for 
survival.  Hill-type  models  were  fitted  to  survival  data.  To  identify  potentially  effective  dosing  regimens,  adult 
and  pediatric  population  pharmacokinetic  models  for  gatifloxacin  and  Monte  Carlo  simulation  were  used  to 
generate  5,000  individual  patient  exposure  estimates.  The  ratio  of  the  area  under  the  concentration-time  curve 
from  0  to  24  h  (AUC0_24)  to  the  MIC  of  the  drug  for  the  organism  (AUC0_24/MIC  ratio)  was  the  PK-PD  measure 
most  predictive  of  survival  ( R 2  =  0.96).  The  50%  effective  dose  (EDS0)  and  the  ED90  and  ED99  corresponded 
to  AUC0_24/MIC  ratios  of  11.5,  15.8,  and  30,  respectively,  where  the  maximum  effect  was  97%  survival. 
Simulation  results  indicate  that  a  daily  gatifloxacin  dose  of  400  mg  for  adults  and  10  mg/kg  of  body  weight  for 
children  gives  a  100%  probability  of  attaining  the  PK-PD  target  (ED99).  Sensitivity  analyses  suggest  that  the 
probability  of  PK-PD  target  attainment  in  adults  and  children  is  not  affected  by  increases  in  MICs  for  strains 
of  B.  anthracis  to  levels  as  high  as  0.5  mg/liter. 


Bacillus  anthracis,  the  causative  agent  of  anthrax,  is  a 
pathogen  primarily  of  animals  and  can  produce  a  fatal  dis¬ 
ease  in  humans  when  introduced  by  the  inhalation  or  inges¬ 
tion  of  spores  (19).  Of  concern  is  the  potential  use  of  this 
organism  as  a  biological  weapon,  as  demonstrated  in  the 
2001  bioterrorism-related  distribution  of  anthrax  spores 
through  the  U.S.  mail  (7,  8,  22).  Beginning  on  18  September 
2001  and  continuing  for  several  weeks  thereafter,  terrorists 
mailed  letters  containing  B.  anthracis  to  news  media  offices 
and  U.S.  senators.  In  total,  22  people  were  infected,  of 
whom  5  died.  For  citizen  and  soldier  alike,  it  is  critical  to 
identify  effective  treatments  against  agents,  such  as  B. 
anthracis,  that  can  be  used  as  weapons  of  terror.  While  con¬ 
ducting  clinical  trials  evaluating  treatment  modalities  for  bac¬ 
terial  agents  of  bioterrorism  is  impossible,  in  many  instances  it 
is  possible  to  identify  regimens  likely  to  be  effective.  Effective 
treatment  regimens  can  be  identified  through  the  use  of  Monte 
Carlo  simulation  to  integrate  exposure-response  relationships 
obtained  from  pharmacokinetic-pharmacodynamic  (PK-PD) 
animal  infection  models  with  information  about  drug  disposi¬ 
tion  in  human  populations. 
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Animal  infection  models  are  fundamental  tools  in  the  eval¬ 
uation  of  the  therapeutic  efficacy  of  antimicrobial  agents  (16). 
From  these  models,  one  can  gain  important  information  about 
the  time  course  of  the  antimicrobial  effect,  which  can  be  used 
to  construct  exposure -response  relationships  and  to  determine 
PK-PD  target  measures  that  are  predictive  of  clinical  efficacy  in 
humans  (10).  Over  the  past  5  years,  Monte  Carlo  simulation 
has  been  used  to  integrate  human  pharmacokinetic  data  and 
PK-PD  targets  derived  from  nonclinical  or  clinical  data  in 
order  to  provide  support  for  dose  regimen  selection  (6, 14, 15). 
This  approach  to  evaluating  antimicrobial  regimens  may  be 
especially  valuable  under  circumstances  in  which  formal  expo- 
sure-ranging  clinical  trials  are  unlikely,  as  in  the  case  of  agents 
of  bioterrorism. 

The  objectives  of  this  study  were  threefold:  (i)  to  identify 
the  PK-PD  measure  (i.e.,  the  ratio  of  the  area  under  the 
concentration-time  curve  from  0  to  24  h  [AUC0_24]  to  the 
MIC  of  the  drug  for  the  organism  [AUC0_24/MIC  ratio], 
the  ratio  of  the  maximum  concentration  of  the  drug  in  serum 
[Cmax]  to  the  MIC  [Cmax/MIC  ratio],  or  the  percentage  of 
time  during  the  dosing  interval  that  the  drug  concentration 
remains  above  the  MIC  [%1>MIC])  that  best  predicts  gati¬ 
floxacin  efficacy  against  B.  anthracis ;  (ii)  to  determine  the 
magnitude  of  the  PK-PD  measure  associated  with  the  50% 
effective  dose  (ED50)  and  the  ED90  and  ED99;  and  (iii)  to 
utilize  Monte  Carlo  simulation,  human  pharmacokinetic 
data,  and  PK-PD  magnitude  targets  in  an  effort  to  deter- 
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FIG.  1.  Typical  human  cumulative  AUC0_24  following  a  400-mg 
dose  of  gatifloxacin  (dashed  line)  and  murine  cumulative  AUCo_24 
(solid  line)  representative  of  those  for  mice  given  a  regimen  designed 
to  mimic  the  cumulative  exposure  in  humans. 


mine  the  adequacy  of  adult  and  pediatric  dosing  regimens 
for  postexposure  prophylaxis  of  pulmonary  B.  anthracis  in¬ 
fection. 

MATERIALS  AND  METHODS 

Bacteria,  media,  and  antibiotics.  Spores  were  prepared  with  the  Ames  strain 
of  B.  anthracis  by  using  the  medium  and  growth  conditions  defined  by  Leighton 
and  Doi  (21)  as  described  previously  (24).  Before  aerosol  challenge,  spore 
preparations  were  heated  at  65°C  for  30  min  and  diluted  in  sterile  water.  Bacteria 
were  counted  by  serially  diluting  preparations  or  samples  1:10  in  sterile  water 
and  plating  the  appropriate  dilutions  in  triplicate  onto  sheep  blood  agar  plates. 
Plates  were  incubated  at  35°C  for  18  h,  and  colonies  were  counted.  Gatifloxacin 
was  supplied  by  the  Bristol-Myers  Squibb  Company  (Princeton,  NJ). 

In  vitro  susceptibility  studies.  The  MICs  of  gatifloxacin  for  30  strains  of  B. 
anthracis,  including  the  Ames  strain,  were  determined  by  the  microdilution 
methods  approved  by  the  Clinical  and  Laboratory  Standards  Institute  (for¬ 
mally  known  as  the  National  Committee  for  Clinical  Laboratory  Standards  or 
NCCLS)  (9). 

Humanization  of  murine  pharmacokinetics.  The  drug  exposure  profiles  for 
mice  were  humanized  as  follows.  The  once-daily  doses  needed  to  achieve  the 
desired  steady-state  AUCq_24  values  in  humans  were  computed.  Then  these 
human  regimens  were  densely  simulated  to  determine  the  appropriate  plasma 
drug  concentrations  and  AUC  values  throughout  the  planned  duration  of  the 
murine  studies.  The  doses  for  the  murine  studies  were  computed  to  mimic,  as 
closely  as  possible,  the  AUC  values  obtained  in  the  human  simulations.  For  the 
studies  in  which  mice  were  dosed  every  6  h,  for  example,  the  murine  dose  at  time 
zero  was  that  which  would  provide  the  same  AUCo_6  that  was  simulated  for 
humans.  Given  that  dose  at  time  zero,  the  6-h  dose  was  that  which  was  computed 
to  provide  a  murine  AUCo_i2  similar  to  that  simulated  for  humans.  This  process 
was  continued  for  the  entire  planned  duration  of  the  murine  studies.  For  each 
regimen,  the  doses  were  all  computed  in  a  single  step,  by  using  a  module  we 
produced  in  ADAPT  II,  release  4  (12).  This  approach  is  depicted  in  Fig.  1. 

Murine  pharmacokinetic  studies  and  pharmacokinetic  modeling.  For  phar¬ 
macokinetic  determinations,  three  groups  of  mice  each  received  a  single  intra- 
peritoneal  dose  of  gatifloxacin  (10,  50,  or  100  mg/kg  of  body  weight).  Sera  from 
three  mice  in  each  dosing  group  were  collected  by  exsanguinations  under  anes¬ 
thesia  at  0.25,  0.5, 1,  2,  3,  4,  6,  and  12  h  postdose.  Samples  were  then  centrifuged 
for  5  min  at  10,000  X  g,  and  sera  were  removed.  Sera  were  stored  at  —  70°C  until 
assayed  for  gatifloxacin  concentrations.  Gatifloxacin  concentrations  in  sera  were 
determined  according  to  a  modified  bioassay  using  Staphylococcus  aureus  ATCC 
29213  as  the  indicator  organism  and  were  compared  to  a  standard  curve  for 
gatifloxacin  in  control  mouse  serum  (17,  20).  All  samples  were  assayed  in  trip¬ 
licate.  The  lower  and  upper  limits  of  detection  of  the  assays  were  0.12  and  64 
|xg/ml,  respectively.  Intraday  variation  was  one  twofold  dilution.  All  pharmaco¬ 
kinetic  studies  were  performed  on  the  same  day.  All  serum  drug  concentration 
data,  regardless  of  dosing  group,  were  comodeled  using  maximum  likelihood 
(ADAPT  II)  (12).  Observations  were  weighted  by  the  estimated  variance  of  the 
measurement.  The  model  discrimination  was  determined  by  Akaike’s  informa¬ 
tion  criteria  (1). 


Murine  inhalational  anthrax  challenge  model.  Animals  were  maintained  in 
accordance  with  the  criteria  of  the  American  Association  for  Assessment  and 
Accreditation  of  Laboratory  Animal  Care.  All  animal  studies  were  approved  by 
the  Animal  Research  Committee  of  the  U.S.  Army  Medical  Research  Institute  of 
Infectious  Diseases,  Fort  Detrick,  MD. 

In  efficacy  studies,  6-  to  8-week-old  nonneutropenic  female  BALB/c  mice  were 
challenged  by  aerosol  spray  with  between  50  and  100  times  the  established  50% 
lethal  dose  (3.4  X  104  CFU)  of  the  Ames  spore  preparation  (20).  Antibiotic 
treatment  (0.2  ml  intraperitoneally)  was  administered  to  mice  (10  per  group)  to 
emulate  human  regimens,  with  several  daily  doses  divided  by  6-  or  8-h  intervals 
beginning  24  h  postchallenge  and  continuing  for  21  days.  As  mentioned  above 
(see  “Humanization  of  murine  pharmacokinetics”),  doses  of  various  sizes  were 
administered  to  mice  in  order  to  better  emulate  dosing  in  humans.  For  instance, 
a  mouse  in  the  every- 12-h  fractionation  cohort  received  two  doses  over  12  h,  of 
which  the  first  was  larger  and  the  second  was  smaller,  while  a  mouse  in  the 
every-24-h  cohort  received  three  doses  over  24  h,  each  decreasing  in  size.  Total 
daily  doses  corresponded  to  AUCo_24  values  ranging  from  1.875  to  100  mg  •  h / 
liter.  Control  mice  received  phosphate-buffered  saline.  Mice  were  evaluated  daily 
for  survival. 

PK-PD  modeling  and  Monte  Carlo  simulation.  Fitted  pharmacokinetic  func¬ 
tions  for  each  dosage  regimen  were  used  to  compute  the  candidate  PK-PD 
exposure  measures  (%f>MIC  and  AUCo_24/MIC  and  Cmax/MIC  ratios).  Hill- 
type  models  were  fitted  to  survival  data  (percentage  of  mice  surviving  the  study) 
regressed  to  %t>MIC  and  AUCo_24/MIC  and  Cmax/MIC  ratios. 

Mean  pharmacokinetic  parameter  estimates  and  dispersion  measures  from 
previously  derived  population  pharmacokinetic  models  were  used  for  simulations 
(equations  1  and  2)  (2,  23a).  Log-normal  distributions  were  assumed. 

Adult:  AUCo_24  (standard  deviation)  =  51.3  (20.4)  mg-h/liter  (1) 

Pediatric:  clearance  (standard  deviation)  =  8.46  (2.51)  liters/h/min2  (2) 

Five  thousand  individual  adult  and  pediatric  patient  exposure  estimates  (400  mg 
once  daily  and  10  mg/kg  of  body  weight/day,  respectively)  were  generated  using 
SYSTAT,  version  11. 

The  level  of  plasma  protein  binding  by  gatifloxacin  is  20%  in  both  mice  and 
humans  (TEQUIN  gatifloxacin  tablet  and  injection  package  insert;  Bristol-Myers 
Squibb  Company,  Princeton,  NJ,  2003).  Thus,  in  all  the  analyses  described 
herein,  no  correction  for  protein  binding  was  made.  Except  where  free  drug  is 
specified,  all  drug  exposures  detailed  herein  refer  to  the  total  drug. 

RESULTS 

In  vitro  susceptibility  testing.  The  MIC  of  gatifloxacin  for 
the  Ames  strain  of  B.  anthracis  was  0.125  mg/liter.  The  range 
for  the  diverse  30-strain  set  was  0.06  to  0.5  mg/liter. 

Pharmacokinetic  modeling.  Gatifloxacin  concentration-time 
data  for  mice  were  fit  to  a  two-compartment  model  with  first- 
order  absorption  and  a  lag  time  (the  delay  between  the  time  of 
administration  and  the  onset  of  absorption).  Over  the  dose 
range  studied,  gatifloxacin  exhibited  linear  and  dose -propor¬ 
tional  pharmacokinetics  in  mice  (data  not  shown).  Table  1 
shows  the  final  fitted  gatifloxacin  pharmacokinetic  parameter 


TABLE  1.  Final  fitted  gatifloxacin  pharmacokinetic  parameter 
estimates  for  mice 


Parameter" 

Units 

Estimate 

VJF 

Liters/kg 

0.20 

VJF 

Liters/kg 

1.6 

CL JF 

Liters/h/kg 

7.7 

CL r/F 

Liters/h/kg 

2.7 

Ka 

h-1 

11.0 

hag 

h 

0.23 

h/2 

h 

0.60 

a  VJF,  apparent  volume  of  distribution  in  the  central  compartment;  VJF, 
apparent  volume  of  distribution  in  the  peripheral  compartment;  CLD/F,  appar¬ 
ent  distributional  clearance;  CL r/F,  apparent  total  clearance;  Ka,  absorption  rate 
constant;  tlag,  lag  time;  t1/2,  half-life. 
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FIG.  2.  Relationship  between  three  PK-PD  measures  (AUCo_24/MIC  ratio,  Cmax/MIC  ratio,  and  %f>MIC)  and  survival  of  nonneutropenic 
mice  challenged  with  aerosolized  B.  anthracis  (Ames  strain)  after  21  days  of  therapy  with  gatifloxacin.  Observed  data  for  individual  regimens 
stratified  by  dosing  regimen  are  shown  by  different  symbols.  Q8hr,  Q12hr,  and  Q24hr,  every  8,  12,  and  24  h,  respectively. 


estimates  for  mice.  As  expected,  drug  clearance  was  faster  and 
the  half-life  was  shorter  in  mice  than  in  humans  (2.7  versus  0.1 
liter/h/kg  and  0.6  versus  9  h,  respectively)  (TEQUIN  package 
insert). 

PK-PD  modeling.  The  relationships  between  exposure  and 
response  for  each  of  the  PK-PD  measures,  the  AUC0  24/MIC 
ratio,  the  Cmax/MIC  ratio,  and  %t>MIC,  for  gatifloxacin  used 
against  the  Ames  strain  of  B.  anthracis  are  presented  in  Fig.  2. 
As  for  members  of  other  bacterial  genera  and  other  fluoro¬ 
quinolones,  the  strongest  relationship  was  observed  when  re¬ 
sults  were  correlated  with  the  AUC0_24/MIC  ratio  (R2  =  0.96). 
However,  the  Cmax/MIC  ratio  (R2  =  0.78)  and  %7>MIC  (R2  = 
0.88)  were  also  reasonably  well  correlated  with  animal  survival. 
The  use  of  bound-  or  unbound-gatifloxacin  concentrations  did 
not  appreciably  impact  the  relationship  between  efficacy  and 
%t>MIC  (data  not  shown).  Table  2  shows  the  final  parameter 
estimates  for  each  PK-PD  model.  The  ED50,  EDg0,  and  ED99 
corresponded  to  AUC0_24/MIC  ratios  of  11.5,  15.8,  and  30, 
respectively,  where  the  maximum  effect  was  97%  survival. 

Monte  Carlo  simulation.  The  shapes  of  simulated  AUC0„24 
distributions  for  adult  and  pediatric  patients  closely  resembled 
those  previously  described  for  patient  populations  (TEQUIN 
package  insert).  For  instance,  the  mean  (standard  deviation) 
AUC0_24  values  for  simulations  and  previous  measurements 
were  51.3  (20.4)  versus  51.3  (20.4)  mg  •  h/liter  for  adult  pa¬ 
tients,  respectively,  and  34.4  (12.0)  versus  32.9  (11.5)  mg  •  h/ 
liter  for  pediatric  patients.  A  target  AUC0_24/MIC  ratio  of  30 
was  chosen  based  on  the  association  of  this  ratio  with  greater 
than  99%  of  the  maximum  effect.  Figure  3  shows  the  proba¬ 
bility  of  PK-PD  target  attainment  for  adult  and  pediatric  dos¬ 
ing  regimens.  With  a  MIC  of  0.125  mg/liter,  that  for  the  Ames 


TABLE  2.  Final  parameter  estimates  of  the  model  for  each  of  the 
PK-PD  measures 


Parameter" 

AUCo_24/MIC 

ratio 

Cmax/MIC 

ratio 

%r>MIC 

F 

0.97 

0.83 

1.00 

ED50 

11.8 

8.10 

27.5 

E0 

0.10 

0.07 

0.08 

Gamma 

7.03 

10.0 

10.0 

a  ^maxi  maximum  effect;  E0,  effect  at  time  zero;  gamma,  Hill’s  constant. 


strain  of  B.  anthracis,  the  probability  of  PK-PD  target  attain¬ 
ment  was  1.0  for  both  the  adult  (400-mg  once-daily)  and  pe¬ 
diatric  (10-mg/kg/day)  dosing  regimens.  The  probability  of 
PK-PD  target  attainment  was  0.95  or  greater  for  MICs  of  0.5 
mg/liter  or  lower.  For  MICs  of  1.0  mg/liter  or  higher,  the 
performance  of  standard  dosing  regimens  was  degraded  mark¬ 
edly. 

DISCUSSION 

The  objectives  of  this  study  were  (i)  to  identify  the  PK-PD 
measure  that  best  predicts  gatifloxacin  efficacy  against  B. 
anthracis;  (ii)  to  determine  the  magnitude  of  the  PK-PD  mea¬ 
sure  required  for  maximal  efficacy;  and  (iii)  to  utilize  Monte 
Carlo  simulation  to  integrate  human  pharmacokinetic  data  and 
PK-PD  targets  in  an  effort  to  determine  the  adequacy  of  adult 
and  pediatric  dosing  regimens  for  postexposure  prophylaxis  of 
pulmonary  B.  anthracis  infection. 

We  identified  the  AUC0_24/MIC  ratio  as  the  PK-PD  mea¬ 
sure  that  best  predicts  gatifloxacin  efficacy  against  B.  anthracis. 
To  our  knowledge,  the  in  vivo  exposure-response  relationships 
described  herein  represent  the  first  time  such  relationships 
have  been  identified  for  an  agent  of  bioterrorism.  Previous 
studies  conducted  with  B.  anthracis  and  ciprofloxacin  in  pri¬ 
mates,  which  resulted  in  U.S.  Food  and  Drug  Administration 
approval  of  an  indication,  were  based  on  a  successful  empirical 


MIC  (mg/L) 


FIG.  3.  Probabilities  of  attaining  the  PK-PD  target  (AUC0_24/MIC 
ratio  of  30)  by  following  a  400-mg  once-daily  adult  and  a  10-mg/kg/day 
pediatric  gatifloxacin  dosing  regimen.  The  gray  bars  represent  the 
distribution  of  the  MICs  of  gatifloxacin  for  B.  anthracis. 


Downloaded  from  aac.asm.org  at  USAMRIID  on  December  4,  2007 


4354  AMBROSE  ET  AL. 


Antimicrob.  Agents  Chemother. 


twice-daily  regimen  (18).  Levofloxacin  was  granted  U.S.  Food 
and  Drug  Administration  approval  based  upon  results  of  stud¬ 
ies  conducted  with  mice  and  primates.  The  dosage  regimens 
used  in  these  animal  studies  simulated  the  shape  and  magni¬ 
tude  ( AU C0_24 )  of  the  levofloxacin  concentration-time  profile 
achieved  in  humans  following  a  500-mg  once-daily  regimen 
(13).  The  regimens  were  effective  in  both  species,  and  thus,  the 
drug  gained  an  indication.  In  neither  circumstance  was  an 
exposure-  or  dose-response  relationship  identified. 

In  this  study,  the  AUC0_24/MIC  ratio  necessary  for  the  max¬ 
imum  effect  (97%  survival)  in  nonneutropenic  mice  was  30. 
This  PK-PD  target  is  much  lower  than  that  observed  for  the 
maximum  effect  of  gatifloxacin  or  other  fluoroquinolones 
against  gram-positive  bacteria  in  nonneutropenic  mice  (5,  11). 
For  instance,  for  ciprofloxacin,  gatifloxacin,  gemifloxacin,  levo¬ 
floxacin,  moxifloxacin,  and  sitafloxacin  against  Streptococcus 
pneumoniae,  near-maximum  effect  was  observed  when  free- 
drug  AUC0_74/MIC  ratios  ranged  from  50  to  more  than  100 
(11). 

Since  patients  with  pulmonary  anthrax  will  most  likely  die 
without  prompt  and  effective  therapy,  we  should  choose  expo¬ 
sure  targets  near  the  maximum  possible  effect  (i.e.,  an  AUC0 _24/ 
MIC  ratio  of  30).  It  should  be  noted  that  choosing  an  expo¬ 
sure  target  near  the  maximum  effect  is  unusual.  Oftentimes, 
the  exposure  targets  in  animal  systems  that  correlate  with  pos¬ 
itive  clinical  responses  in  patients  are  not  near  the  maximum 
effect  (3).  For  instance,  the  animal-derived  exposure  target 
(AUC0_24/MIC  ratio  of  83)  for  linezolid  against  Staphylococcus 
aureus  was  associated  with  net  bacterial  stasis  (4),  which  cor¬ 
related  well  with  exposure  thresholds  predictive  of  clinical  re¬ 
sponses  in  patients  with  staphylococcal  or  enterococcal  bacter¬ 
emia  (AUC0_24/MIC  ratio  of  85)  (23). 

Monte  Carlo  simulation  results  indicate  that  standard 
gatifloxacin  dosing  regimens  would  be  effective  for  postex¬ 
posure  prophylaxis  of  pulmonary  B.  anthracis  infection. 
Gatifloxacin  regimens  of  400  mg  once  daily  for  adult  pa¬ 
tients  and  10  mg/kg/day  for  pediatric  patients  provide  a 
greater  than  95%  probability  of  attaining  the  exposure  tar¬ 
get  for  strains  for  which  MICs  are  up  to  0.5  mg/liter,  which 
covers  essentially  the  entire  distribution  of  gatifloxacin 
MICs  for  B.  anthracis  (Fig.  3).  Given  that  the  gatifloxacin 
MIC  for  the  Ames  strain  is  0.125  mg/liter  and  that  a  fourfold 
increase  in  MIC  would  be  expected  after  a  ParC  mutation  or 
efflux  pump  overexpression  (13),  the  dosing  regimens  de¬ 
scribed  above  should  be  adequate  for  single-step  mutants 
that  may  emerge  during  therapy  or  that  are  created  by  those 
who  would  use  this  strain  of  B.  anthracis  as  a  weapon  of 
terror. 

In  conclusion,  we  successfully  utilized  the  lethal  murine  B. 
anthracis  inhalation  infection  model  to  identify  the  PK-PD 
measure  that  best  predicts  gatifloxacin  efficacy  against  B. 
anthracis.  Moreover,  we  were  able  to  identify  the  magnitude  of 
gatifloxacin  exposure  needed  to  protect  against  pulmonary  ex¬ 
posure  to  B.  anthracis.  Finally,  Monte  Carlo  simulation  was 
used  to  evaluate  potentially  efficacious  adult  and  pediatric  dos¬ 
ing  regimens.  Given  that  it  is  impossible  to  conduct  clinical 
trials  with  bacterial  agents  that  can  be  used  as  biological  weap¬ 
ons,  the  approach  described  herein  should  become  the  stan¬ 
dard  for  the  identification  of  likely  effective  treatment  regi¬ 
mens. 
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